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@S)  Photocurable  unsaturated  polyester  resin  compositions  and  process  for  curing  them. 

preferably  being  -COOM  or  -COOR),  and  wherein  also  41 
substituents  may  be  present  and  preferably  be  I,  and  (III  ' 

Q  

< \  

wherein  R,  is  H,  alky!,  hydroxy-substituted  alkyl,  aryl  or  ara' 
kyl. 
R;  is  independently  alkyl,  hydroxyl  substituted  alkyl,  aryl  o 
aralkyl.  The  alkyl  groups  are  preferably  C,-C5,  the  aryl  grout 
phenyl  and  the  aralkyl  benzyl  (preferred  such  compound! 
being  tribenzylamine  and  dibenzylethanolamine). 

M  =  H,  K,  Na,  Li,  NH, 

(there  preferably  being  4X  substituents  which  are  Br,  and  Z 

(51)  IntCI.3:  G  03  C  1 / 6 8  
C  08  F  2 / 5 0  

A  photo-initiator  system  of  a  polyester  resin  is  disclosed 
which  consists  of  an  oxime  carbonate  of  a  vicinal  diketone  (I), 
a  photo-reducible  dye  (II)  and  an  amine  (III). This  system  is 
capable  of  polymerising  and  curing  unsaturated  polyester 
resins  by  irradiation  with  visible  light  to  provide  coatings, 
adhesives  castings  and  fibre  reinforced  composites. 

The  formulae  of  the  ingredients  of  the  system  are 

where  R'  and  R"  are  independently  alkyl,  aryl  or  aralkyl  (R' 
preferably  being  CH2  and  R"  C2H5) 

wherein  X  =  Br  or  on  at  least  2  positions 
Y = H, Br,  I 
Z  =  H,  COOM.  COOR  wherein  R  =  C, -  C,  alkyl. 
M =  H ,   K,  Na,  Li,  NH. 

(there  preferably  being  4X  substituents  which  are  Br,  and  Z 

preferably  being  -COOM  or  -COOR),  and  wherein  also  4Y 
substituents  may  be  present  and  preferably  be  I,  and  (III 

wherein  R, is  H,  alkyl,  hydroxy-substituted  alkyl,  aryl  or  ara; 
kyl. 
R2  is  independently  alkyl,  hydroxyl  substituted  alkyl,  aryl  or 
aralkyl.  The  alkyl  groups  are  preferably  C1-C5,  the  aryl  group 
phenyl  and  the  aralkyl  benzyl  (preferred  such  compounds 
being  tribenzylamine  and  dibenzyiethanolamine). 



T h i s   i n v e n t i o n   r e l a t e s   to   t h e   p o l y m e r i s a t i o n  

and  c u r i n g   of  u n s a t u r a t e d   r e s i n o u s   c o m p o s i t i o n s   b y  

i r r a d i a t i n g   t h e   c o m p o s i t i o n   w i t h   v i s i b l e   l i g h t .  

I t   i s   known  t h a t   u n s a t u r a t e d   r e s i n s   c a p a b l e   o f  

f r e e - r a d i c a l   p o l y m e r i s a t i o n   can   be  c u r e d   by  t h e  

a d d i t i o n   of  p h o t o i n i t i a t o r s   and  e x p o s u r e   t o  

u l t r a - v i o l e t   (UV)  or  v i s i b l e   r a d i a t i o n .   The  u s e  

of  UV  r a d i a t i o n   in   p a r t i c u l a r   i s   v e r y   w e l l   e s t a b l i s h e d  

in  t h e   c u r i n g   of   t h i n   f i l m s   of  r e s i n   u s e d   as  s u r f a c e  

c o a t i n g s   and   i n k s .   H o w e v e r   UV  c u r i n g   i s   n o t  .  

s u i t a b l e   f o r   t h i c k   c o a t i n g s ,   or  f o r   g l a s s - r e i n f o r c e d  

r e s i n s   due  to   t h e   p o o r   p e n e t r a t i o n   of  t h e   UV  r a d i a -  

t i o n   w h i c h   i s   s t r o n g l y   a b s o r b e d   by  t h e   r e s i n   a n d  

t h e   g l a s s   r e i n f o r c e m e n t   i f   u s e d .   T h i s   m e a n s   t h a t   c u r e  

i s   i n c o m p l e t e   or  t a k e s   an  u n a c c e p t a b l y   l o n g   t i m e   t o  

c o m p l e t e .   F u r t h e r m o r e   UV  r a d i a t i o n   i s   v e r y   d a n g e r o u s  

to  t h e   e y e s   and   s k i n   and  i t   i s   t h e r e f o r e   n e c e s s a r y   t o  

use   e l a b o r a t e   s h i e l d i n g   and  s a f e t y   d e v i c e s   in  o r d e r  

to   s a f e g u a r d   t h e   h e a l t h   of  o p e r a t i v e s .   S u c h  

d e v i c e s   add  c o n s i d e r a b l y   to   t h e   c o s t   and  i n c o n v e n i e n c e  

of  t h e   use   of  UV  r a d i a t i o n .  

In  c o n t r a s t   v i s i b l e   l i g h t   h a s   none  of  t h e s e  

d i s a d v a n t a g e s .   F u r t h e r m o r e   i t   i s   r e a d i l y   a v a i l a b l e  

as  n a t u r a l   s u n l i g h t ,   f rom  t u n g s t e n   f i l a m e n t   b u l b s ,  



f l u o r e s c e n t   t u b e s   and  so  on,  and   i s   n o t   h a r m f u l  

t o   t h e   e y e s   or  s k i n   u n d e r   n o r m a l   c o n d i t i o n s .  

S y s t e m s   f o r   c u r i n g   of   r e s i n s   w i t h   v i s i b l e   l i g h t  

h a v e   b e e n   d e s c r i b e d   b u t   h a v e   a  n u m b e r   of  d i s a d v a n t a g e s .  

F o r   e x a m p l e ,   t h e   c o m p o n e n t s   of  some  s y s t e m s   a r e  

e x t r e m e l y   t o x i c   or   e x p e n s i v e ,   or  show  i n s u f f i c i e n t  

s e n s i t i v i t y   t o   n o r m a l   v i s i b l e   l i g h t   and  t h e r e f o r e  

r e q u i r e   s p e c i a l   and   e x p e n s i v e   l i g h t   s o u r c e s   to   p e r -  

f o rm  s a t i s f a c t o r i l y .  

I t   i s   a l r e a d y   known  t h a t   e o s i n   p l u s   a  s u i t a b l e  

r e d u c i n g   a g e n t ,   s u c h   as  a s c o r b i c   a c i d ,   can   a c t   a s  

p h o t o i n i t i a t o r   f o r   t h e   p o l y m e r i s a t i o n   of  m o n o m e r s  

in   a q u e o u s   s o l u t i o n s   in   w h i c h   w a t e r   i s   p a r t   of   t h e  

r e a c t i o n   c h a i n .   F o r   e x a m p l e   t h i s   s y s t e m   can   b e  

u s e d   t o   p o l y m e r i s e   a c r y l a m i d a   ( s e e   G  D e l z e n n e ,  

S . T o p p e t ,   G . S m e t s   J . P o l y m e r   S c i . ,   68;  347  ( 1 9 6 0 )  

a n d   I b i d .   P a r t   A  V o l . 2   1539   ( 1 9 6 4 ) ) ,   in   a q u e o u s  

s o l u t i o n .  

I t   h a s   b e e n   p r e v i o u s l y   s u g g e s t e d   t h a t   a  k e t o n i c  

p h o t o s e n s i t i z e r ,   e s p e c i a l l y   a - d i k e t o n e s ,   p l u s   a  

r e d u c i n g   a g e n t   c a p a b l e   o f   a c t i n g   on  t h e   p h o t o s e n s i t i z e r  

when  t h e   l a t t e r   i s   in   an  e x c i t e d   s t a t e   c o u l d   be  u s e d  

f o r   t h e   c u r i n g   of   u n s a t u r a t e d   p o l y e s t e r   r e s i n s ,   ( s e e  

GB  PS  1 , 4 0 8 , 2 6 5 ) .   The  r e d u c i n g   a g e n t   c o u l d   i n  

g e n e r a l   be  a  t e r t i a r y   a m i n e .   In   a  c o m p a r a t i v e   e x a m p l e  

t h i s   p a t e n t   d i s c l o s e s   t h e   use   o f   r o s e   b e n g a l  

(a  t e t r a b r o m o t e t r a i o d o f l u o r e s c e i n )   as  p h o t o s e n s i t i z e r ,  

w i t h   u n f a v o u r a b l e   r e s u l t s .   I t   i s   s t a t e d   t h a t   i f   a  

p i g m e n t   i s   p r e s e n t   i t   m u s t   b e  a b s o r b e n t   of  l i g h t  

w a v e l e n g t h s   d i f f e r e n t   f rom  t h o s e   w h i c h   e x c i t e   t h e  



p h o t o s e n s i t i z e r .  

B e n z o y l   s u b s t i t u t e d - o x i m e   c a r b o n a t e   e s t e r s   (BOCE) 

h a v e   b e e n   c l a i m e d   as  p o t e n t   U.V.  p h o t o   i n i t i a t o r s  

r e q u i r i n g   low  i r r a d i a t i o n   d o s e s   f o r   c u r i n g   r e s i n s  

( B . P .   1 , 5 3 7 , 9 2 1 ) .   H o w e v e r   t h e y   a r e   p o o r   i n i t i a t o r s  

when  i n c o r p o r a t e d   i n t o   u n s a t u r a t e d   p o l y e s t e r   r e s i n s   a n d  

i r r a d i a t e d   w i t h   v i s i b l e   l i g h t .  

We  h a v e   now  d i s c o v e r e d   t h a t   c o m p o u n d s   of  t h i s  

t y p e ,   when  u s e d   w i t h   c e r t a i n   p h o t o - r e d u c i b l e   d y e s  

and   a  r e d u c i n g   a g e n t   c a p a b l e   of  r e d u c i n g   t h e   d y e  

when  i t   i s   in  a  p h o t o - e x c i t e d   s t a t e d ,   can  be  u s e d  

t o   c u r e   u n s a t u r a t e d   p o l y e s t e r   r e s i n s   by  i r r a d i a t i o n  

w i t h   v i s i b l e   l i g h t .  

The  v i s i b l e   l i g h t   c u r i n g   s y s t e m s   of  t h i s  

i n v e n t i o n   m u s t   i n c l u d e  

A.  An  u n s a t u r a t e d   p o l y e s t e r  

B.  A  BOCE  of  t h e   g e n e r a l   f o r m u l a   I  as  p h o t o   i n i t i a t o r  

w h e r e  R ' , R "   a r e   a l k y l ,   a r y l   or  a r a l k y l  

One  c o m m e r c i a l l y   a v a i l a b l e   s u c h   BOCE  is   Q u a n t a c u r e  R  

PDO  w h e r e i n  R '   i s   -CH3  and  R"  i s   -C2H5,   made  b y  

Ward  B l e n k i n s o p   &  C o . L t d . ,   E m p i r e   Way,  Wembley ,   M i d d l e s e x .  

C.  A  p h o t o - r e d u c i b l e   dye  w h i c h   i s   c a p a b l e   o f  



a b s o r b i n g   e l e c t r o m a g n e t i c   r a d i a t i o n   in  t h e   v i s i b l e  

r e g i o n   i . e .   a b o u t   400  nm  to   800  nm  w a v e l e n g t h ,   w h i c h  

r a i s e s   i t   t o   an  e x c i t e d   s t a t e   in  w h i c h   i t   i s   c a p a b l e  

of  r e a c t i n g   w i t h   a  s u i t a b l e   r e d u c i n g   a g e n t .   E s p e c i a l l y  

s u i t a b l e   d u e s   a r e   e o s i n s   of  t h e   g e n e r a l   f o r m u l a   I I .  

w h e r e i n   X  =  Br  or  I  on  a t   l e a s t   2  p o s i t i o n s  

Y  =   H,  Br ,   I  

Z  =  H,  COOM,  COOR  w h e r e i n   R  =  C 1  -   C5  a l k y l .  

M  =  H ,   K,  Na,  L i ,   NH4 

or  a  m i x t u r e   of   s u c h   d y e s .  

D.  A  r e d u c i n g   a g e n t   w h i c h   i s   an  a m i n e   of   t h e  

g e n e r a l   f o r m u l a   I I I .  

w h e r e i n   R1  i s   H,  a l k y l ,   h y d r o x y - s u b s t i t u t e d   a l k y l ,   a r y l  

or  a r a l k y l .  

R2  i s   i n d e p e n d e n t l y   a l k y l , h y d r o x y l   s u b s t i t u t e d   a l k y l ,  

a r y l   or  a r a l k y l .   The  a l k y l   g r o u p s   a r e   p r e f e r a b l y   C 1 - C 5 ,  

t h e   a r y l   g r o u p   p h e n y l   and   t h e   a r a l k y l   b e n z y l .  



P r e f e r a b l y   t h e   c o n c e n t r a t i o n   of  t h e   p h o t o - i n i t i a t o r  

(B)  i s   in   t h e   r a n g e   0 . 0 1  -   1.0%  w e i g h t ,   more   p r e f e r a b l y  

0 . 0 2  -   0 . 5%  by  w e i g h t   and  mos t   p r e f e r a b l y   0 . 0 5  -   0 . 2 %  

by  w e i g h t .   T h i s   c o n t r a s t s   w i t h   t h e   c o n c e n t r a t i o n s  

n e c e s s a r y   when   U.V.  c u r i n g   i s   e n v i s a g e d   w h i c h   a r e   0 . 5  -  

15%  by  w e i g h t .  

P r e f e r r e d   c o m p o u n d s   of  t h e   f o r m u l a   I I   a r e   t h o s e  

in  w h i c h   e a c h   X  i s   Br  or  I  and   Z  i s   COOM  or  COOR. 

An  o v e r l a p p i n g   p r e f e r r e d   g r o u p   of  c o m p o u n d s   o f  

the   f o r m u l a   I I   i s   t h a t   in   w h i c h   e a c h   X  is   Br  or  I  a n d  

e a c h   Y  i s   I .  

The  dye  (C)  i s   n o r m a l l y   u s e d   a t   a  c o n c e n t r a t i o n  

of  1 0 0  -   5 0 0 0   ppm  or  more   a d v a n t a g e o u s l y   1 5 0  -   2000  ppm 

or  p r e f e r a b l y   2 0 0  -   1000  ppm.  C o m m e r c i a l l y   a v a i l a b l e  

d y e s   of  t h i s   t y p e   a r e   f r e q u e n t l y   m i x t u r e s   of  c l o s e l y  

r e l a t e d   c o m p o u n d s   and  a r e   u s e d   w i t h i n   t h e   i n v e n t i o n .  

The  a m i n e   (D)  can   be  p r e s e n t   in   t h e   r a n g e   0 . 1  -  

10%  by  w e i g h t   b u t   i t   i s   p r e f e r a b l e   to   use   l e s s   t h a n   5% 

by  w e i g h t   of   t h e   t o t a l   c o m p o s i t i o n .  

The  u n s a t u r a t e d   p o l y e s t e r s   in  t h i s   i n v e n t i o n   a r e  

t h o s e   f o r m e d   by  t h e   r e a c t i o n   of  an  @β  u n s a t u r a t e d  

d i b a s i c   a c i d   or  a n h y d r i d e   ( w i t h   o r  w i t h o u t   t h e   p r e s e n c e  

of  a  s a t u r a t e d   d i b a s i c   a c i d   or  a n h y d r i d e )   and  one  o r  

more  g l y c o l s .   The  r e s u l t i n g   c o n d e n s a t i o n   p r o d u c t   i s  

d i s s o l v e d   in   a  v i n y l   t y p e   m o n o m e r .  

T y p i c a l   e x a m p l e s   of  t he   b a s i c   s t a r t i n g   m a t e r i a l s  

f o r   s u c h   p o l y e s t e r s   a r e : -  

(i)   U n s a t u r a t e d   d i b a s i c   a c i d s / a n h y d r i d e s  -   m a l e i c  

a n h y d r i d e ,   f u m a r i c   a c i d .  



( i i )   S a t u r a t e d   d i b a s i c   a c i d s / a n h y d r i d e  -   p h t h a l i c  

a n h y d r i d e ,   i s o p h t h a l i c   a c i d ,   t e r e p h t h a l i c   a c i d ,   e n d o m e t h y l -  

ene   t e t r a h y d r o p h t h a l i c   a n h y d r i d e ,   t e t r a h y d r o p h t h a l i c  

a n h y d r i d e ,   a d i p i c   a c i d ,   s e b a c i c   a c i d ,   t e t r a c h l o r o p h t h a l i c  

a n h y d r i d e ,   t e t r a b r o m o p h t h a l i c   a n h y d r i d e ,   c h l o r e n d i c  

a c i d   or   a n h y d r i d e  

( i i i )   G l y c o l s  -   e t h y l e n e   g l y c o l ,   1 .2   p r o p a n e d i o l ,  

1 .3   p r o p a n e d i o l ,   d i e t h y l e n e   g l y c o l ,   d i p r o p y l e n e   g l y c o l ,  

n e o p e n t y l   g l y c o l ,   d i b r o m o n e p e n t y l   g l y c o l ,   g l y c o l s   m a d e  

f r o m   t h e   r e a c t i o n   of  a l k y l e n e   o x i d e s   and   b i s p h e n o l   A .  

( i v )   M o n o m e r s   1  s t y r e n e ,   v i n y l   t o l u e n e ,   m e t h y l  

m e t h a c r y l a t e ,   b r o m o s t y r e n e ,   e t h y l e n e   g l y c o l   d i m e t h a c r y l a t e ,  

A  h y d r o x y e t h y l   a c r y l a t e .  

The  i n g r e d i e n t s   BC  and  D  a r e   a d d e d   in   any  d e s i r e d  

o r d e r   t o   f o rm  t h e   r e s i n   c o m p o s i t i o n   w h i c h   i s   s e n t   o u t   as   a  

c o m p l e t e   s y s t e m .  

T h e s e   r e s i n s   can   be  a d m i x e d   e i t h e r   in   t h e   f a c t o r y  

or   on  s i t e   w i t h   c o n v e n t i o n a l   m a t e r i a l s   such   as  f i l l e r s ,  
to   fo rm  g e l c o a t s   a n d / o r   w i t h   g l a s s   or  o t h e r   f i b r e s  

t h i x o t r o p e s ,   f i r e   r e t a r d a n t s   a n d   p i g m e n t s / s u c h   a s  

c a r b o n   or  K e v l a r  ®  t o   y i e l d   h i g h - s t r e n g t h   c o m p o s i t e  

m a t e r i a l   by  t h e   u s u a l   l a m i n a t i n g   t e c h n i q u e s .  

The  l i g h t   s o u r c e   u s e d   f o r   c u r i n g   t h e   r e s i n   s y s t e m   o f  

t h i s   i n v e n t i o n   may  be  any   s o u r c e   of   v i s i b l e   l i g h t ,   o f  

w h i c h   t h e   m o s t   e c o n o m i c a l   a r e   n a t u r a l   s u n l i g h t ,   t u n g s t e n  

f i l a m e n t   l a m p s   and  f l u o r e s c e n t   t u b e s .  

When  e x p o s e d   to   s u c h   a  s o u r c e   p o l y m e r i z a t i o n   a n d  

c u r e   i s   i n d u c e d   in  t he   r e s i n   w h i c h   w i l l   s i m u l t a n e o u s l y  

f a d e   in   c o l o u r   so  t h a t   t h e   f i n a l   c o l o u r   of  t h e   r e s i n   i s  

u n o b j e c t i o n a b l y   p a l e .   T h i s   can   s e r v e   a l s o   as  an  i n d i c a -  

t i o n   of  t h e   p r o g r e s s   of  t h e   r e a c t i o n .  



EXAMPLE 1  1 

To  100  g r a m s   of  C r y s t i c  ®  1 9 6 ,   
(an  u n s a t u r a t e d  

p o l y e s t e r   r e s i n   s o l d   by  S c o t t   B a d e r   Company  L i m i t e d ,  

of  a c i d   v a l u e   2 2 . 0   mgKOH/g  and  c o n t a i n i n g   35%  s t y r e n e  

m o n o m e r ) ,   w e r e   a d d e d   30  m i l l i g r a m s   of  e o s i n   Y 

( E a s t m a n   K o d a k ) ,   2 .5   g r a m s   of  t r i b e n z y l a m i n e   and   0 . 1 0  

g r a m s   of  Q u a n t a c u r e   PDO  (ex  Ward  B l e n k i n s o p   and  C o m p a n y  

L i m i t e d ) .   S l i g h t   w a r m i n g   was  n e c e s s a r y   to   d i s s o l v e  

t h e   t r i b e n z y l a m i n e   b u t   f i n a l l y   a  c l e a r   p i n k - o r a n g e  

c o l o u r e d   r e s i n   was  o b t a i n e d .   P a r t   of  t h e   r e s i n   w a s  

p o u r e d   i n t o   a  m o u l d   f a b r i c a t e d   f rom  two  s h e e t s   of  p l a t e  

g l a s s   e a c h   92mm  x  154mm  s e p a r a t e d   by  a  U - s h a p e d   s t a i n l e s s  

s t e e l   d i v i d e r   6mm  t h i c k .   The  f i l l e d   m o u l d   was  t h e n  

p l a c e d   s i x   f e e t   f r o m   a  b a n k   of  s i x t e e n   150  w a t t   t u n g s t e n -  

f i l a m e n t   s p o t / f o o d   l a m p s   w h i c h   p r o d u c e d   an  e v e n   l i g h t  

i n t e n s i t y   of  4 2 0 0   lux   a t   t h e   m o u l d   s u r f a c e .   G e l a t i o n  

of  t h e   r e s i n   was  o b s e r v e d   a f t e r   35  m i n u t e s   i r r a d i a t i o n ,  

and  a f t e r   50  m i n u t e s   a  s t r o n g   e x o t h e r m   was  d e t e c t e d .  

A f t e r   one  h o u r   t h e   l i g h t s   we re   e x t i n g u i s h e d   and  when  t h e  

c u r e d   r e s i n   h a d   c o o l e d   i t   was  s e p a r a t e d   f rom  t h e   m o u l d .  

The  c o l o u r   of  t h e   r e s i n   had  f a d e d   t o   a  s t r a w   c o l o u r .  

S a m p l e s   w e r e   c u t   f r o m   t h e   m o u l d e d   s h e e t   and  t h e i r   h e a t  

d e f l e c t i o n   t e m p e r a t u r e   m e a s u r e d   a c c o r d i n g   to   B r i t i s h  

S t a n d a r d   2 7 8 2 : 1 0 2 G .   The  a v e r a g e   h e a t   d e f l e c t i o n  

t e m p e r a t u r e   was  8 l o C .   The  s t a n d a r d   h e a t   d e f l e c t i o n  

t e m p e r a t u r e   f o r   C r y s t i c   196  c u r e d   w i t h   m e t h y l   e t h y l  

k e t o n e   p e r o x i d e   and   c o b a l t   o c t o a t e   i s   72°C  a f t e r   p o s t  
c  

c u r i n g   a t   80  C  f o r   3  h o u r s .  



EXAMPLE  2 

The  c o n d i t i o n s   of  E x a m p l e   1  w e r e   r e p e a t e d   e x c e p t  

o n l y   f o u r   150  w a t t   t u n g s t e n   f i l a m e n t   s p o t / f l o o d   l a m p s  

w e r e   u s e d   w h i c h   p r o d u c e d   a  l i g h t   i n t e n s i t y   of  2440   l u x .  

G e l a t i o n   of  t h e   r e s i n   s t a r t e d   in  80  m i n u t e s   and   a n  

e x o t h e r m   was  n o t e d   a f t e r   100  m i n u t e s .   A f t e r   two  h o u r s  

t h e   l i g h t s   w e r e   e x t i n g u i s h e d   and   t h e   s a m p l e   was  l e f t  

in   t h e   d a r k   f o r   16  h o u r s .   The  s a m p l e   was  t h e n   i r r a d i a t e d  

u n d e r   t h e   same  c o n d i t i o n s   f o r   a  f u r t h e r   2  h o u r s .   T h e  

c a s t   s h e e t   o b t a i n e d   r e c o r d e d   a  h e a t   d e f l e c t i o n   t e m p e r a t u r e  

of  7 9 0 C .  

EXAMPLE  3 

A  s a m p l e   of  C r y s t i c  ®  2 7 2   
an  i s o p h t h a l i c   a c i d   b a s e d  

p o l y e s t e r   made  by  S c o t t   B a d e r   Company  L i m i t e d   was  m a d e  

up  to   t h e   f o r m u l a t i o n   g i v e n   in   E x a m p l e   1  and   u s e d  

t o   f a b r i c a t e   a  g l a s s   f i b r e   r e i n f o r c e d   l a m i n a t e   c o n t a i n i n g  

f o u r   l a y e r s   of  450g/m 2   p o w d e r   b o u n d   c h o p p e d   s t r a n d   g l a s s  

mat   a t   a  r e s i n :   g l a s s   r a t i o   of  2 . 3 : 1 .   The  l a m i n a t e   w a s  

c u r e d   by  v i s i b l e   l i g h t   i r r a d i a t i o n   p r o v i d e d   by  s i x t e e n  

150  w a t t   s p o t / f l o o d   l a m p s   g i v i n g   a  l i g h t   i n t e n s i t y   a t  

t h e   l a m i n a t e   s u r f a c e   of   4 2 0 0   l u x .   I r r a d i a t i o n   was   c o n t i n u e d  

f o r   2  h o u r s   a f t e r   w h i c h   t h e   l a m i n a t e   was  p l a c e d   i n  a n   o v e n  

a t   400C  f o r   16  h o u r s .   S a m p l e s   w e r e   c u t   f r o m   t h e   l a m i n a t e  

and   t e s t e d   in   t e n s i o n   a c c o r d i n g   to   ISO  3 2 6 8 .   The  r e s u l t s  

a r e   shown  b e l o w   in   c o m p a r i s o n   w i t h   a  l a m i n a t e   made  u s i n g  

C r y s t i c   272  c u r e d   by  MEK  p e r o x i d e   and   c o b a l t   and   a l s o   p o s t  

c u r e d   a t   4 0 ° C .  





EXAMPLE  4 

2 .5   p a r t s   b y  w e i g h t   ( p . b . w . )   of  t r i b e n z y l a m i n e  

w e r e   d i s s o l v e d   in  9 7 . 3 6   p . b . w .   of  C r y s t i c  ®  2 7 2   ( a n  

i s o p h t h a l i c   b a s e d   p o l y e s t e r   r e s i n   ex  S c o t t   B a d e r   C o m p a n y  

L i m i t e d ) .   A l s o   a d d e d   w e r e   0 . 1 0   p . b . w .   of  Q u a n t a c u r e  R  

PDO  ( W a r d - B l e k i n s o p   and  Company   L i m i t e d ) ,   0 . 0 2   p . b . w .  

of   e o s i n   Y  ( t h e   d i s o d i u m   s a l t   of  t e t r a b r o m o f l u o r e s c e i n  

i . e .   e a c h   X  i s   Br,   Z  i s   COOH  and  M  i s   Na)  and   0 . 0 2  

p . b . w .   of  s p i r i t l s o l u b l e   e o s i n   ( t h e   s o d i u m   or  p o t a s s i u m  

s a l t   of  t h e   e t h y l   e s t e r   of   e t r a b r o m o f l u o r e s c e i n )   ( b o t h  

p r o d u c t s   of  E a s t m a n   Kodak   Company)   to   o b t a i n   a  c l e a r  

o r a n g e - r e d   r e s i n .   10  g r a m s   of  t h e   r e s i n   w e r e   p o u r e d  

i n t o   a  s h a l l o w   a l u m i n i u m - f o i l   m o u l d ,   t h e   t o p   s u r f a c e  

b e i n g   l e f t   open   to   t h e   a i r .   The  m o u l d   was  i r r a d i a t e d  

w i t h   v i s i b l e   l i g h t   f rom  a  h o u s e h o l d   t u n g s t e n   f i l a m e n t  

b u l b   a t   a  l i g h t   f l u x   of  1 0 , 0 0 0   l u x .   The  r e s i n   g e l l e d  

in   f i v e   m i n u t e s .   A f t e r   one  h o u r   t h e   c u r e d   r e s i n   h a d  

a  h a r d n e s s   of  B a r c o l   30  on  t h e   t o p   ( a i r )   s u r f a c e   a n d  

of  B a r c o l   40  on  t h e   l o w e r   (mould)   s u r f a c e .   The  c o l o u r  

of  t h e   r e s i n   h a d   b l e a c h e d   t o   a  p a l e   s t r a w   c o l o u r .  

E X A M P L E   5 

a)  C o m p a r a t i v e  

E o s i n   ( s p i r i t   s o l u b l e ,   ex  BDH  0 . 0 6   p a r t s  b y   w e i g h t )  

and   t r i b e n z y l a m i n e   ( 2 .5   p a r t s   by  w e i g h t )   w e r e   a d m i x e d  

w i t h   9 7 . 5   p a r t s   by  w e i g h t   of   C r y s t i c  ®  1 9 6  ( a  g e n e r a l  

p u r p o s e   o r t h o p h t h a l i c - b a s e d   p o l y e s t e r   r e s i n   e x  



S c o t t   B a d e r   Company  L i m i t e d )   and  t h e   r e s i n   p o u r e d   i n t o   a  

m o u l d   and  i r r a d i a t e d   as  in   E x a n p l e  4   b u t   a t   a  l i g h t  

i n t e n s i t y   of  6 , 0 0 0   l u x .   A l t h o u g h  t h e   r e s i n  g e l l e d   i n  

l e s s   t h a n   10  m i n u t e s   end  t h e  c o l o u r   of  t h e   dye  f a d e d  

c u r e   was  i n c o m p l e t e   as  i n d i c a t e d   by  a  z e r o   B a c o l   h a r d n e s s  

and  p o o r   m e c h a n i c a l   p r o p e r t i e s   of  t h e   p r o d u c t .  

b)  When  t h i s   e x p e r i m e n t   was  r e p e a t e d   w i t h  

t h e   a d d i t i o n   of  0 . 5  p a r t s   by  w e i g h t   of   Q u a n t a c u r e   PDO 

t h e   r e s i n   g e l l e d   w i t h i n   l e s s   t h a n   3  m i n u t e s   and  r e a c h e d  

a  B a r c o l   h a r d n e s s   o f   40  in  2  h o u r s   o f  i r r a d i a t i o n .  



Example  6 

s u p p l e m e n t e d  
A  sample  of  C r y s t i c ®   196  was  /   to  the  f o r m u l a t i o n   g i v e n  

in  Example  1  and  used  to  f a b r i c a t e  a   g l a s s   f i b r e   r e i n f o r c e d   l a m i n a t e  

c o n t a i n i n g   twelve  l a y e r s   of  450g/m2  powder  bound  chopped  s t r a n d   mat  

at  a  r e s i n   to  g l a s s   r a t i o   of  2 .3 :1 .   The  l a m i n a t e   was  cured  by  v i s i b l e  

l i g h t   i r r a d i a t i o n   p r o v i d e d   by  s i x t e e n   150  watt   s p o t / f l o o d   lamps  g i v i n g  

a  l i g h t   i n t e n s i t y   at  the  l amina te   su r f ace   of  5000  l u x .  I r r a d i a t i o n  

was  con t inued   for   t w o  h o u r s   a f t e r   which  the  l a m i n a t e   was  p l a c e d  i n   an  

oven  at  40°C  for   16  h o u r s .  

Samolss  cut  from  the  l a m i n a t e   had  the  f o l l o w i n g   m e c h a n i c a l  

p r o p e r t i e s .  

Example  7 

Cast  shee t s   were  p r e p a r e d   for   d e t e r m i n a t i o n   of  heat   d e f l e c t i o n  

t e m p e r a t u r e s   and  mechan ica l   p r o p e r t i e s   by  p r e p a x i n g   r e s i n s   of  t h e  

f o l l o w i n g   f o r m u l a t i o n s .  

Moulds,  as  d e s c r i b e d   in  example  1  were  used  to  p r epa re   s a m p l e s  

for  the  d e t e r m i n a t i o n   of  heat   d e f l e c t i o n  t e m p e r a t u r e s ,   but 3mm  t h i c k  

rubber   s e p a r a t o r s   were  used  between  the  g l a s s   p l a t e s   of  the  moulds  t o  

prepare   samples  for   the  d e t e r m i n a t i o n   of  mechanica l   p r o p e r t i e s .   The 

nou ld ings   were  cured  by  i r r a d i a t i o n   with  v i s i b l e   l i g h t   from  a  bank  o f  

s ix t een   150  watt   s p o t / f l o o d   t u n g s t e n   f i l a m e n t   lamps  two  f e e t   from  t h e  
moulds.  The  r e s i n s   g e l l e d   in  l e s s   than  four   minutes   but  d u r i n g  



subsequent   cure  the  high  t e m p e r a t u r e s   developed  by  the  e x o t h e r m i c  

p o l y m e r i s a t i o n   r e a c t i o n s   caused  many  of  the  moulds  and  mouldings  t o  

crack.   The  l i g h t   i n t e n s i t y   was  t h e r e f o r e   reduced  by  r educ ing   t h e  

v o l t a g e s   a p p l i e d   to  the  lamps  from  240  v o l t s   to  210  v o l t s .   Unc racked  

samples  were  then  ob t a ined .   The  f o l l o w i n g   r e s u l t s   were  ob t a ined   f rom 

specimens  cut  from  the  cast   s h e e t s .  

F igu re s   in  p a r e n t h e s e s   i n d i c a t e s   t y p i c a l   va lues   ob ta ined   for  t h e  

same  r e s i n s   cured  with  methyl  e thyl   ke tone   pe rox ide   and  coba l t   o c t o a t e  

and  post   cured  at  80°C  (Heat  d e f l e c t i o n   t e m p e r a t u r e   samples  r e c e i v e d  

f u r t h e r   post   cure  at  120°C) .  

Example  8 

A  p h o t o c u r i n g   f o r m u l a t i o n   based  on  C r y s t i c   196  was  p r e p a r e d  

c o n t a i n i n g   0.1%  Quantacure  PDO,  0.04%  Eosin  Y  and  2.5%  t r i b e n z y l a m i n e  

and  used  to  impregna te   two  l a y e r s   of  K e v l a r ® 4 9   po lyaramide   f i b r e  

woven  rov ing   (Kevlar   is  a  r e g i s t e r e d   t rademark   of  DuPont  Limited)   t o  

give  a  l a m i n a t e   with  a  nominal  r e s i n   con t en t   of  80%  by  w e i g h t .  

When  exposed  to  v i s i b l e   l i g h t   from  t u n g s t e n - f i l a m e n t   lamps  w i t h  

an  i n t e n s i t y   of  10,000  lux  the  r e s i n   g e l l e d   in  twelve  minutes ,   b l e a c h e d  

in  twenty  minutes ,   exothermed  n o t i c e a b l y   a f t e r   30  minutes   and  was 

f u l l y   cured  in  an  h o u r .  

Example  9 

An  u n s a t u r a t e d   p o l y e s t e r   r e s i n   e q u i v a l e n t   to  Crys t i c   196  but  i n  

which  the  s ty rene   was  r e p l a c e d   by  an  equal  weight  of  β   h y d r o x y e t h y l  

a c r y l a t e   was  f o rmu la t ed   with  0.1%  Quantacure  PDO,  0.01%  Eosin  Y,  0.03% 

e o s i n - s p i r i t   s o l u b l e ,   and  2.5%  t r i b e n z y l a m i n e .   10  grams  of  t h e  



f o r m u l a t e d   r e s i n   were  poured  in to   a  c i r c u l a r   shal low  aluminium  f o i l  

mould  and  i r r a d i a t e d   with  v i s i b l e   l i g h t   with  an  i n t e n s i t y   of  10,000  l u x .  

The  sample  g e l l e d   in  l e s s   than  3.5  minutes   and  b l eached   in  13  m i n u t e s  

to  produce  a  hard,  w a t e r - w h i t e   c a s t i n g   with  a  p e r f e c t l y   dry  a i r - o u r f a c e .  

Example  10 

A  p h o t o c u r a b l e   r e s i n   was  fo rmula t ed   as  f o l l o w s : -  

T h i s   r e s i n   was  used  to  p r epa re   a  f i l ament -wound   g l a s s -  

f i b r e   r e i n f o r c e d   pipe  by  means  of  a  l a b o r a t o r y   f i l a m e n t - w i n d i n g   machine  

in  which  twenty  g l a s s - f i b r e   rov ings   were  led  through  a  shal low  t r a y  

c o n t a i n i n g   the  r e s i n ,   so  as  to  coat  the  g la s s   with  r e s i n ,   and  t h e n  

between  two  r o l l e r s   which  removed  excess  r e s i n   be fo re   the  r e s i n - c o a t e d  

g l a s s   f i b r e   r ov ings   were  wound  round  a  r o t a t i n g   s t a i n l e s s   s t e e l   m a n d r e l . ,  

The  mandrel  was  i r r a d i a t e d   with  the  l i g h t   from  two  f i f t e e n   hundred  w a t t  

t u n g s t e n - h a l o g e n   f lood lamps   each  about  one  metre  from  the  m a n d r e l .  

Af t e r   twenty  f ive   minutes   the  winding  of  a d d i t i o n a l   g l a s s   f i b r e  

r a v i n g s   was  s topped  but  i r r a d i a t i o n   and  r o t a t i o n   of  the  mandrel  was 

m a i n t a i n e d .   Af te r   f o r t y   f ive   minutes   r ap id   b l e a c h i n g   of  the  r e s i n  

was  observed   and  a f t e r   a  t o t a l   time  of  seventy   minutes   the  mandre l  

was  s topped  and  the  f i l amen t -wound   g lass   f i b r e   r e i n f o r c e d   p o l y e s t e r  

pipe  produced  was  r e l e a s e d .  



T h i s   p i p e  w a s   a p p r o x i m a t e l y   one  m e t r e   l o n g ,   30  mm 

in  i n t e r n a l   d i a m t e r   and  6 .5   mm  t h i c k .   I t   h a d   a  B a r c o l  

h a r d n e s s   of  f i f t y   and  i t s   c o l o u r   was  r e d u c e d   to   a  

p a l e   s t r a w .  

EXAMPLE  11 

A  s e r i e s   of  p h o t o c u r i n g   r e s i n s   was  p r e p a r e d   i n  

d u p l i c a t e   u s i n g   t h e   f o l l o w i n g   f o r m u l a t i o n :  

The  d y e s   u s e d   and  t h e   a v e r a g e   r e s u l t s   o b t a i n e d   f r o m  

t h e   d u p l i c a t e   s a m p l e s   a r e   shown  in  T a b l e   1.  10  g r a m s  

of  e a c h   s a m p l e   was  p o u r e d   i n t o   a  s h a l l o w   a l u m i n i u m   f o i l d  

m o u l d   and  e x p o s e d   to   l i g h t   of  1 0 , 0 0 0   lux   i n t e n s i t y   f r o m  

t u n g s t e n   f i l a m e n t   l a m p s .   The  f i n a l   c o l o u r   in  e a c h   c a s e  

was  p a l e   s t r a w .  



This  shows  t h a t   Rhodamine  B,  a  dye  of  s i m i l a r   chemical   s t r u c t u r e s  

to  those  of  formula   II  but  c o n t a i n i n g   no  halogen  atoms  is  not  e f f e c t i v e  

in  the  c la imed  s y s t e m .  

Example  12 

A  s e r i e s   of  p h o t o c u r i n g   r e s i t s   was  p repa red   in  d u p l i c a t e   a c c o r d i n g  

tc  the  f o l l o w i n g   f o r m u l a t i o n :  

10  grams  of  each  sample  was  poured  into  a  shal low  aluminium  f o i l  

mould  and  exposed  fo r   60  minutes   to  v i s i b l e   l i g h t   with  an  i n t e n s i t y  

of  10,000  lux  p r o v i d e d   by  t u n g s t e n   f i l a m e n t   lamps.  The  r e s u l t s   o f  

t h i s   exper iment   are  g iven   in  Table  2 .  





These  r e s u l t s   show  tha t   N  e t h y l m o r p h o l i n e ,   o f t en   used  as  a  r e d u c i n g  

agent  in  phovocure  systems,   is  much  l eas   e f f e c t i v e   t h a n   t h e   c l a i m e d  

s y s t e m .  

Example  13  

A  p h o t o c u r i n g   white  g e l c o a t   was  p r e p a r e d   by  adding  7½%  by  w e i g h t  

white  pigment  pas te   to  a  sample  of  g e l c o a t   63  (Sco t t   Bader  Co.  L t d )  

c o n t a i n i n g   0.1%  Quantacure  PDO,  2.5%  T r i b e n z y l a m i n e   and  0.05%  e o s i n -  

s p i r i t   s o l u b l e .  

A  female  mould  of  a  model  boat   h u l l   a p p r o x i m a t e l y   4ft   x  1ft  x  9  i n s  

was  t r e a t e d   with  a  s u i t a b l e   mould  r e l e a s e   agent  be fore   the  w h i t e  

g e l c o a t   was  brushed  onto  i t   to  p rov ide   a  c o a t i n g   app rox ima te ly   t w e n t y  

t housand th s   of  an  inch  t h i ck .   The  mould  was  i r r a d i a t e d   by  l i g h t   f rom 

two  1500  wat t   t u n g s t e n - h a l o g e n   f l ood lamps   at  a  d i s t ance   of  one  m e t r e .  

The  pink  co lou r   of  the  g e l c o a t   b l e a c h e d   whize  in  l e s s   than  three   m i n u t e s  

and  i t   was  p o s s i b l e   to  l ay-up   a  g l a s s   f i b r e   l amina te   on  the  g e l c a t  

wi thim  ton  minutes   wi thout   the  g l e s s   f i b r e s   p e n e t r a t i n g   the  g e l c o a t .  

Af te r   cu r ing   the  l amina t e   i t   was  p o s s i b l e   to  r e l e a s e   the  moulding  f rom 

the  mould  w i thou t   d i f f i c u l t y .   The  g e l c o a t   was  f u l l y   cured  and  showed 

no  r e s i d u a l   co lour   due  to  the  d y e .  



Example  14 

Ten  grams  of  a  f i r e   r e t a r d a n t   u n s a t u r a t e d   p o l y e s t e r   r e s i n   b a s e d  

on  d ib roz ionecpen ty l   g lyco l   and  c o n t a i n i n g   t r i s   ( C h l o r o e t h y l )   p h o s p h a t e  

( f i r e   r e t a r d a n t   a d d i t i v e ) ,   Quantacure  PDO  (0.2%),  e o s i n - s p i r i t   s o l u b l e  

(0.03%),  Eosin  Y  (0.01%)  and  t r i b e n z y l a m i n e   (2.5%)  was  poured  into  a  

shal low  aluminium  f o i l   mould  and  i r r a d i a t e d   with  v i s i b l e   l i g h t   from  a  

t u n g s t e n   f i l ament   bulb.   The  r e s i n   ge l l ed   in  th ree   minutes ,   f u l l y  

b l eached   in  11  minutes   and  a f t e r   60  minutes   had  a  Barcol  ha rdness   of  30 .  

C r y s t i c ®   386  a  c l e a r   f i r e   r e t a r d a n t   r e s i n   ( i . e ,   p a s s ing   B . S . 4 7 6  

par t   V I I ,  C l a s s   I)  based  on  maleic   and  c h l o r e n d i c   acid  anhydr ides   and 

c c n t a i n i n g   p r o p r i e t o r y   f i r e   r e t a r d a n t   a d d i t i v e s   was  f o r m u l a t e d   w i t h  

Quantacure  PDO  (0.1%)  e o s i n - s p i r i t   so lub le   (0.04%)  and  t r i b e n z y l a m i r s  

(2.5%).  10  grams  of  t h i s   f o rmula t ed   r e s i n   was  poured  in to   a  s h a l l o w  

aluminium  f o i l   mould  and  i r r a d i a t e d   with  v i s i b l e   l i g h t   with  an  i n t e n s i t y  

of  15.000  lux.  The  r e s i n   g e l l e d   in  l e s s   than  one  minute,   b leached   i n  

two  mimites   and  had  an  average  Barcol  ha rdness   of  30  a f t e r   one  h o u r .  



1.  A  v i s i b l e - l i g h t   c u r a b l e   u n s a t u r a t e d   p o l y e s t e r  

r e s i n   c o m p o s i t i o n   c o m p r i s i n g  

a)  a t   l e a s t   one  b e n z o y l   o x i m e   c a r b o n a t e   e s t e r  

of  t h e   f o r m u l a  

w h e r e i n   R'  and  R"  a r e   i n d e p e n d e n t l y   a l k y l   a r y l  

or  a r a l k y l ;   a n d  

b)  a t   l e a s t   one  p h o t o - r e d u c i b l e   dye  of  t h e   f o r m u l a  

w h e r e  X   i s   i n d e p e n d e n t l y   Br  or  I  and  i s   p r e s e n t   o n  

a t   l e a s t   two   s a i d   p o s i t i o n s  

Y  i s   i n d e p e n d e n t l y   H , B r   or  I  

Z  i s   H,COOM  or  COOR  w h e r e i n   R  i s  

a  C1-5  a l k y l   g r o u p   a n d  

M  i s   E , K , N a , L i   or  NH4  a n d  

c)  a t   l e a s t   one  r e d u c i n g   a g e n t   of  t h e   f o r m u l a  



w h e r e i n   R  i s   H , a l k y l , h y d r o x y - s u b s t i t u t e d   a l k y l ,   a r y l  

and   a r a l k y l   and  R2  i s   a l k y l ,   h y d r o x y   s u b s t i t u t e d  

a l k y l ,   a r y l   and  a r a l k y l .  

2.  A  c o m p o s i t i o n   as  c l a i m e d   in  C l a i m   1  w h e r e i n   in   t h e  

i n g r e d i e n t   (a)  t h e   g r o u p   R'  i s   C H   and  t h e   g r o u p   R" 

i s   - C 2 H 5 -  

3.  A  c o m p o s i t i o n   as  c l a i m e d   in  C l a i m   1  or  C l a i m   2 

w h e r e i n   in  t h e   i n g r e d i e n t   (b)  e a c h   X  p r e s e n t   i s  

Br  and  Z  i s   -COOM  or  -COOR.  

4.  A  c o m p o s i t i o n   as  c l a i m e d   in  C l a i m   1 , C l a i m   2  o r  

C l a i m   3  w h e r e i n   t h e r e   a r e   f o u r   s a i d   X  s u b s t i t u e n t s  

p r e s e n t .  

5.  A  c o m p o s i t i o n   as  c l a i m e d   in   a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   t h e   i n g r e d i e n t   (c)  i s   t r i b e n z y l a m i n e  

or  N , N - d i b e n z y l e t h a n o l a m i n e .  

6.  A  c o m p o s i t i o n   as  c l a i m e d   in   a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   in  t h e   i n g r e d i e n t   (b)  Y  i s   Br  or  I  

and   t h e r e   a r e   f o u r   s a i d   Y  s u b s t i t u e n t s   p r e s e n t .  

7.  A  c o m p o s i t i o n   as  c l a i m e d   in   a n y  o n e   of  t he   p r e c e d i n g  

c l a i m s   w h e r e i n   t h e   i n g r e d i e n t   (a)  i s   p r e s e n t   in  t h e  

a m o u n t   of  a b o u t   0 .01%  to   a b o u t   1.0%  by  w e i g h t   of  t h e  

r e s i n   c o m p o s i t i o n .  

8.  A  c o m p o s i t i o n   as  c l a i m e d   in   a n y  o n e   of   t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   t h e   i n g r e d i e n t   (b)  i s   p r e s e n t   in   an  a m o u n t  

of  a b o u t   150  t o   a b o u t   2000  ppm  of  t h e   r e s i n .  

9.  A  c o m p o s i t i o n   as  c l a i m e d   in  a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s   c o m p r i s i n g   a l s o   a t   l e a s t   one  of  t h e   f o l l o w i n g :  

f i l l e r s ,   p i g m e n t s ,   f i r e   r e t a r d a n t s ,   r e i n f o r c i n g   f i b r e s  

and  t h i x o t r o p e s .  

10.  A  p r o c e s s   f o r   the   c u r i n g   of  a r i u n s a t u r a t e d   p o l y e s t e r  

r e s i n   c o m p r i s i n g   s u b j e c t i n g   to   e l e c t r o m a g n e t i c   r a d i a t i o n  

in   t h e   v i s i b l e   r a n g e   a  c o m p o s i t i o n   as  c l a i m e d   in   a n y  o n e  

of  t h e   p r e c e d i n g   c l a i m s   to   c a u s e   g e l a t i o n   and  c u r e   o f  

s a i d   r e s i n .  
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